High-fat diet causes lipotoxicity responses in cumulus-oocyte complexes and decreased fertilization rates.
In obesity, accumulation of lipid in nonadipose tissues, or lipotoxicity, is associated with endoplasmic reticulum (ER) stress, mitochondrial dysfunction, and ultimately apoptosis. We have previously shown that obese women have increased triglycerides in follicular fluid; thus, the present study examined whether high-fat diet-induced obesity causes lipotoxicity in granulosa cells and the cumulus-oocyte complex (COC). Oocytes of mice fed a high-fat diet had dramatically increased lipid content and reduced mitochondrial membrane potential compared to those of mice fed a control diet. COCs from mice fed a high-fat diet had increased expression of ER stress marker genes ATF4 and GRP78. Apoptosis was increased in granulosa and cumulus cells of mice fed a high-fat diet. Mice fed a high-fat diet also exhibited increased anovulation and decreased in vivo fertilization rates. Thus, lipid accumulation, ER stress, mitochondrial dysfunction, and apoptosis are markedly increased in ovarian cells of mice fed a high-fat diet. ER stress markers were also analyzed in granulosa cells and follicular fluid from women with varying body mass indices (BMI). ATF4 was increased in granulosa cells and [Ca(2+)] in follicular fluid from obese women compared to nonobese women. These results indicate that lipotoxicity may be occurring in ovarian cells of obese women and may contribute to the reduced pregnancy rates observed in response to obesity.